The Nature of Elliptical Galaxies^ Proceedings of the Second 
Stromlo Symposium, Eds. M. Amaboldi, G.S. Da Costa & 
P. Saha 



The Enrichment of the Intracluster Medium 

Brad K. Gibson^ &: Francesca Matteucci^ 

^ Mount Stromlo & Siding Spring Observatories, Australia 
'^Scuola Internazionale Superiore di Studi Avanzati, Italy 

Q\- 1. The Galaxy Models 

o\ : 

Gibson's (1996) coupled photo-chemical evolution package was used to con- 
Q ' struct a grid of elliptical galaxy models consistent with the present-day colour- 

D . luminosity-metallicity relations. The enrichment of the ICM, through supernova 

Q I (SN)-driven winds, was considered under two scenarios governing the binding 

ff^ ' energy (BE)-mass-radius relations ~ (i) the standard model, which simply uses 

the conventional present-day relation due to Saito (1979), and (ii) the reduced 
BE model, which presumes that earlier winds may be established while the local 
BE is substantially lower (a factor of ~ 5 was chosen a posteriori) than Saito's 
relation would predict (e.g. perhaps due to trace star formation driving a wind 
during a proto-galaxy's pre-collapse phase?). This is almost certainly an un- 
■ physical model, but our goal is simply to explore mechanisms, from within this 

framework, for maximizing the gas mass ejected per galaxy to the ICM, in order 
to determine which of the parameters must be stretched to their breaking points 
before we can recover 100% of the ICM gas through the "process-and-ejected" 
hypothesis of Trentham (1994). Table 1 shows our galaxy grid; six different 
initial gas masses (embedded within dark halos) are covered. Star formation 
2 . is taken to be i{j{t) = z^Mg(t). Galactic wind onset occurs at tew- The ratio 

^ I of ejected gas mass to the present-day V-band luminosity is denoted m'^/Ly. 

a • Under the reduced BE model, v must be decreased dramatically in order to de- 

lay tow until present-day photo-chemical properties are recovered. The smaller 
BE means means far fewer SNe are needed to drive the wind, which means, in 
general, a much lower final Ly, and hence the increased ratio in the final column. 



1 



2. The Cluster Models 

The galaxy models of Table 1 were used in integrating over a two component 
luminosity function (LF), with faint-end slope ai for My < —17.3 and 02 for 
My > —17.3, in order to determine the gas mass fraction of the ICM which 
originated from within cluster ellipticals; the numerical technique is outlined in 
Gibson &: Matteucci (1997). Three different LFs are shown in Table 2, for both 
the standard and reduced BE galaxy models. We have purposely considered the 
steepest dwarf LFs seen by De Propris et al. (1995), in an attempt to recover 
100% of the ICM gas via the "wind" scenario. A built-in constraint is Melnick 
et a/.'s (1977) observation that the maximum contribution to a cluster's diffuse 
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Table 1. Template Galaxy Models 



Mg(0) v tew ml^/Ly V tew ml^/Ly 
Standard Model Reduced BE Model 



1.0e4 


100.0 


0.003 


20.6 


2.4 


0.007 


386.9 


1.0e6 


100.0 


0.005 


12.5 


2.3 


0.011 


239.7 


5.0e7 


126.1 


0.006 


9.3 


3.3 


0.013 


150.7 


l.OeD 


82.8 


0.013 


8.1 


2.8 


0.022 


107.5 


5.0el0 


50.1 


0.034 


4.7 


1.4 


0.332 


18.4 


1.0el2 


42.2 


0.060 


3.2 


0.8 


1.391 


7.8 



Table 2. Cluster Models 



ai a2 M7" fICM fM>-17 i^min fICM fM>- 

Standard Model Reduced BE Model 



-1.45 -1.45 -1.8 0.20 0.25 1.3 0.83 0.43 
-1.45 -1.90 -13.6 0.20 0.35 -13.8 0.86 0.50 
-1.45 -2.20 -15.0 0.20 0.32 -14.9 0.81 0.46 



light, from dwarfs with My > — 17 is ~ 25%. Because of this constraint, all 
models with a2 ^ —1.6 had to have artificially increased values of Mv"^,the 
lower luminosity limit to the integration, which is reflected in Table 2. The 
other lower limits in Table 1 are essentially arbitrarily chosen. The standard 

model predicts that ^ 20% of the ICM gas originates from ellipticals under the 
galactic wind scenario; the remaining ^ 80% is primordial, in agreement with 
Matteucci & Vettolani (1988). A wide range of parameter space was covered, 
but we found that the only way in which to account for ^ 100% of the ICM gas 
was to adopt the unphysical reduced BE model, with a BE-mass-radius relation 
~ 5x lower than the canonical present-day relation predicts. 
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